Determination of the Effect of Lipophilicity on the in vitro Permeability and Tissue Reservoir Characteristics of Topically Applied Solutes in Human Skin Layers  by Cross, Sheree E. et al.
ORIGINAL ARTICLE
Determination of the E¡ect of Lipophilicity on the in vitro
Permeability and Tissue Reservoir Characteristics of Topically
Applied Solutes in Human Skin Layers
Sheree E. Cross, Beatrice M. Magnusson, GarethWinckle,Yuri Anissimov and Michael S. Roberts
Therapeutics Research Unit, Southern Clinical Division, University of Queensland, Princess Alexandra Hospital, Brisbane, Australia
In order to establish the relationship between solute li-
pophilicity and skin penetration (including £ux and
concentration behavior), we examined the in vitro pene-
tration and membrane concentration of a series of
homologous alcohols (C2^C10) applied topically in
aqueous solutions to human epidermal, full-thickness,
and dermal membranes. The partitioning/distribution
of each alcohol between the donor solution, stratum
corneum, viable epidermis, dermis, and receptor phase
compartments was determined during the penetration
process and separately to isolated samples of each tissue
type. Maximum £ux and permeability coe⁄cients are
compared for each membrane and estimates of alcohol
di¡usivity are made based on £ux/concentration data
and also the related tissue resistance (the reciprocal of
permeability coe⁄cient) for each membrane type.
The permeability coe⁄cient increased with increasing
lipophilicity to alcohol C8 (octanol) with no further
increase for C10 (decanol). Log vehicle:stratum cor-
neum partition coe⁄cients were related to logP, and
the concentration of alcohols in each of the tissue layers
appeared to increase with lipophilicity. No di¡erence
was measured in the di¡usivity of smaller more polar
alcohols in the three membranes; however, the larger
more lipophilic solutes showed slower di¡usivity
values. The study showed that the dermis may be a
much more lipophilic environment than originally
believed and that distribution of smaller nonionized
solutes into local tissues below a site of topical
application may be estimated based on knowledge of
their lipophilicity alone. Key words: aliphatic alcohols/
permeability coe⁄cient/tissue partitioning/transdermal pene-
tration. J Invest Dermatol 120:759 ^764, 2003
I
t has long been established that the permeability coe⁄cient
of topically applied solutes (both drugs and vehicle compo-
nents) is dependent on their physicochemical characteristics,
particularly lipophilicity and molecular size (Potts and Guy,
1992). Changes occur in the physical environment of the
skin layers as depth increases from the stratum corneum (SC)
through the viable epidermis and into the dermis.These changes
may a¡ect the residence time (time required to cross the mem-
brane) and distribution of solutes during the penetration process.
Miselinicky et al (1988) reported that materials with good lipid
solubility or a high a⁄nity for protein would be concentrated
within the skin structure as increasing lipophilicity and protein
binding promote reservoir formation.
Flynn et al (1981) showed that the principal permeation barrier
in hairless mouse skin to small hydrophilic alcohols was parti-
tioning into the lipophilic SC. The underlying viable epidermis
and dermis o¡ered little more resistance to mass transfer than a
gelled aqueous phase, as originally proposed by Scheuplein and
Blank (1973). A similar e¡ect was reported by Yagi et al (1998)
using rat skin and a series of increasingly lipophilic b-blocking
agents.Yagi et al (1998) identi¢ed partitioning into the SC inter-
cellular lipids as the factor responsible for the residence time of
these drugs in the skin. Using intact and delipidized skin, they
showed that solute accumulation was related mainly to the pre-
sence of SC lipids and that binding to keratin was very small,
fairly constant, and not related to solute lipophilicity. The parti-
tioning of b-blocking agents from the SC into the viable epider-
mis was also dependent on solute lipophilicity.
The relative correlation between viable epidermal and dermal
partitioning and binding has never been established. The ability
to target drugs, or predict their potential for reservoir formation,
within the SC, epidermis, or dermis requires the determination
of solute distribution and penetration behavior in human skin
models.
Scheuplein and Blank (1973) originally examined permeability
and di¡usion coe⁄cients and tissue:vehicle distribution behavior
of a series of increasingly lipophilic aliphatic alcohols in human
skin membranes. They concluded that the mobility of alcohol
molecules in the dermal matrix, which behaves physically/chemi-
cally like a watery phase, is approximately 4 orders of magnitude
greater than in the SC, which has both hydrophilic and lipophilic
properties. They also reported that for very lipid soluble alcohols
the di¡usional resistance of full-thickness dermis was comparable
to that in the SC. In this study, however, the assessment of tissue
distribution of alcohols was performed separately from perme-
ability measurements In this way, £uxes were quanti¢ed in
membranes in di¡usion cells whereas tissue:vehicle partition
coe⁄cients were determined in isolated studies where tissue sam-
ples were incubated in solutions of the alcohol. It is not clear
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whether the constant dermis:vehicle concentration ratio of 0.6 re-
ported for the series of increasingly lipophilic alcohols was truly
re£ective of the situation during permeation (Scheuplein and
Blank, 1973). The work of Flynn et al (1981) using hairless mouse
skin suggested a greater membrane concentration of the more li-
pophilic alcohols in the dermis during the permeation process,
which was not reported in human skin by Scheuplein and Blank’s
early work (1973).
The separation of solute present in the tissue in a bound form
from that freely di¡using, and therefore contributing to the pene-
tration process and observed permeability and di¡usion coe⁄-
cients, re£ects the relative reservoir capability of di¡erent tissue
layers. The reservoir function of the SC has long been established
for solutes such as steroids, where continued penetration is ob-
served for signi¢cant amounts of time after the removal of the
donor vehicle from the skin’s surface (Vickers, 1963; Clarys et al,
1999). This e¡ect has been attributed mainly to the high level of
partitioning into the intercellular lipids and relatively slow release
rate from this compartment in the SC. Lee and Tojo (2001)
looked at the reservoir e¡ect of another lipophilic molecule, vita-
min E, in hairless mouse skin and found that on removal of the
donor phase little or no continued permeation was measured
even though signi¢cant amounts of solute could still be found
in the skin. The study concluded that vitamin E had a stronger
association with the skin than simple partitioning and that a type
of binding was occurring preventing the solute from desorbing
out of the membrane.
In this study, in order to establish the relationship between so-
lute lipophilicity and membrane transfer, we examined the in vitro
penetration and membrane concentration of a series of homolo-
gous alcohols through human epidermal, full-thickness, and der-
mal membranes. We sought to determine the amounts of each
alcohol distributed between the donor solution, SC, viable epi-
dermis, dermis, and receptor phase compartments during pene-
tration and compared these patterns to those observed when
partitioning into isolated pieces of each tissue type was quanti¢ed
in a separate study.
MATERIALS AND METHODS
Materials Radiolabeled (14C) aliphatic alcohols [ethanol, butanol,
hexanol, octanol, and decanol (speci¢c activities ranging from 2 to 55
mCi per mmol)] were purchased from American Radiolabeled Chemicals
(St. Louis, MO) and used at tracer concentrations in phosphate-bu¡ered
saline (pH 7.4).
Skin preparation technique Female abdominal skin was obtained
following abdomnoplasty from a single donor. Full-thickness membranes
were prepared by removing any extraneous fat and subcutaneous tissue
from the underside of the skin by blunt dissection. Epidermal and dermal
membranes were prepared by heat separation (immersion in water at 601C
for 1 min) of full-thickness skin.
Di¡usion studies All studies were carried out in horizontal static
Franz-type di¡usion cells (receptor volume approximately 3.5 ml, surface
area approximately 1.3 cm2). Receptor compartments were ¢lled with
phosphate-bu¡ered saline, pH 7.4, containing 4% bovine serum albumin,
maintained at 351C in a water bath and continuously stirred with magnetic
£eas. Membranes were equilibrated for 1 h with receptor phase before the
application of 1 ml of phosphate-bu¡ered saline, pH 7.4, spiked with 1^1.5
mCi of the chosen radiolabeled alcohol. Samples of receptor phase were
removed (200 ml) and replaced with fresh solution over a 5 h time period.
Skin layer separation At the end of the study skin concentration of the
alcohols was determined in the upper SC, epidermal, and dermal layers.
Following removal of the donor phase, dismantling of the cells, and
blotting of the membrane surface, the upper SC was removed with six
tape strips (the ¢rst of which was discarded) from the underlying
epidermis. Full-thickness skin sections were separated by 15 s microwave
heating and then epidermal membranes were tape stripped as above.
Radioactivity in the tapes and tissues was determined by liquid
scintillation counting.
Tissue:vehicle partition coe⁄cient determination Partitioning
of each of the alcohols between phosphate bu¡ered saline, pH 7.4, and
SC (epidermis treated with 0.0005% trypsin overnight; Kligman and
Christophers, 1963), viable epidermis (epidermis stripped 25with tape),
or dermis was determined in a separate study. Preweighed samples of each
tissue were incubated at room temperature in screw-topped glass vials for 5
h in bu¡er (0.5 ml) containing trace concentrations of radiolabeled alcohol.
At the end of the incubation period samples of bu¡er were taken for
radioactivity determination and the tissue was removed, blotted dry, and
reweighed before radioactivity was determined by liquid scintillation
counting following solubilization where necessary. Km values were
expressed as the ratio of alcohol concentration between equal weights of
tissue and bu¡er.
Data analysis For each of the membranes used (epidermal, dermal, and
full-thickness skin), the pseudo-steady-state portion of the receptor
compartment cumulative concentration versus time pro¢les was used to
calculate alcohol £uxes [J, expressed as a fraction of the total amount of
alcohol recovered in the system by mass balance (donor, receptor, and
membranes) per cm2 per h]. Permeability coe⁄cients (kp, cm per h) were
determined and maximum £uxes (Jmax, mg per cm
2 per h) were predicted
from kp solubility in the donor phase.
An estimation of alcohol relative di¡usivity within each of the
membranes was made based on the £ux/concentration in the membrane
(per mg membrane) as reported previously (Cross et al, 2001). An average
concentration for each milligram of the full membrane was based upon a
contribution of the quanti¢ed levels in each of the layers (SC, lower
epidermis, and dermis) assuming a relative mass contribution of SC¼1,
lower epidermis¼ 9, and dermis¼100.
RESULTS
The physicochemical characteristics and absorption parameters
for the alcohols in each of the membranes are summarized in
Table I. The absolute recovery of radiolabeled alcohol in di¡u-
sion studies decreased with increasing alcohol lipophilicity
(ethanol¼ 92.6%79.3% to decanol¼ 59.7%78.3%). We estab-
lished that o1% of the applied amount was binding to the glass
of the di¡usion cells and suggest that any loss from the system
during the study may have been related to possible evaporation
from the donor phase. The permeability parameters were all
based on linear portions of the pseudo-steady-state curves.
The slight plateauing measured in cumulative concentration
versus time pro¢les for octanol and decanol through epidermal
Table I. Summary of the physicochemical properties of the aliphatic alcohols used
Jbmax (moles per cm2 per h 10
5) kp (cm per h10
3)
MW logPa Epi FT Derm Epi FT Derm
EtOH 46 ^0.19 3.2070.50 2.7070.65 37.6576.50 1.970.3 1.670.4 22.073.8
ButOH 74 0.88 0.7770.15 0.5470.31 2.2470.03 7.971.5 5.573.2 23.170.3
HexOH 102 1.94 0.5870.03 0.1170.01 0.1570.10 32.071.6 6.070.8 8.375.4
OctOH 130 3.00 0.6870.04 0.0670.02 0.0570.05 93.375.7 8.271.5 6.276.4
DecOH 158 4.06 0.0970.01 0.00270.00 0.00770.00 71.679.1 1.470.1 5.370.8
aSciFinder Scholar.
bCalculated from kp
n maximum solubility in donor phase.
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membranes was not considered enough to a¡ect the correspond-
ing membrane concentration data signi¢cantly.
Maximum £ux Figure 1(A) shows that Jmax for ethanol and
butanol appeared to be identical in the epidermis and full-
thickness skin membranes. The epidermal membrane also only
displayed an approximate 10-fold decrease in Jmax with
increasing lipophilicity compared to those of 400-fold and
1700-fold for the full-thickness skin and dermal membranes,
respectively. As expected, Jmax for the shorter chain more polar
alcohols (C2 and C4) was highest in the aqueous environment
of the dermis.
Permeability coe⁄cients The epidermal membrane showed
the greatest increase in kp with increasing lipophilicity, which
appeared to plateau at C8 (octanol, log pE3) (Fig 1B). As
observed with Jmax, the kp of the shorter chain, more polar
alcohols was highest in the dermal membrane until C6
(hexanol), when the highest £uxes were then measured through
the epidermal membrane preparation.
Di¡usivity The decrease in estimated di¡usivity with
increasing alcohol chain length can clearly be seen in Fig 1(C).
The estimated di¡usivity of the smaller polar alcohols was
similar in each of the membranes and overall the epidermis
appeared to have the highest di¡usivity across the whole range
of alcohols studied. Dermal di¡usivity appeared to decrease
less dramatically with and full-thickness preparations with
increasing lipophilicity than the other two membranes.
Membrane concentration and distribution The log
membrane (SC tape strips, removing approximately 5007220
mg tissue):vehicle distribution coe⁄cients (Km) shown in Fig 2
show a linear dependence on log p. The relative distribution of
the di¡erent alcohols within each membrane preparation is
shown in Fig 3. A corresponding increase in viable epidermis
levels of alcohols is measured with SC concentration, with the
exception of decanol in the epidermal membrane preparation
(Fig 3A). The trend was seen for decanol in the SC and viable
epidermis of full-thickness skin, however (Fig 3B). The actual
partition coe⁄cients calculated between these layers during the
penetration studies for each of the alcohols in the epidermal and
full-thickness membranes are shown in Fig 4(A, B). In the
epidermal membrane, with the exception of the anomalous
result for decanol, the apparent concentration ratios were
relatively consistent. The corresponding lower epidermis:dermis
partition coe⁄cients measured in the full-thickness membrane
showed an increase with lipophilicity, with an almost 400-fold
reduction in relative partitioning into the dermal matrix.
The amount of alcohol retained per milligram of tissue for the
epidermal, full-thickness, and dermal membranes was used to
determine whether tissue concentration also had a strong
dependence on lipophilicity. Linear regression of the amount
retained at the end of the 5 h study (as a fraction of the
total recovered amount) yielded the following equations: for
epidermal membranes
log SC content (per mg)¼ ^3.7þ0.78 logP r2¼ 0.99
log LE content (per mg)¼ ^6.3þ1.25 logP r2¼ 0.82
and for full-thickness membranes
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Figure1. Permeability data. Maximum £ux (A), permeability coe⁄-
cient obtained in this and Scheuplein and Blank’s (1973) study (B), and esti-
mated di¡usivity (C) of ethanol, butanol, hexanol, octanol, and decanol
through human skin membranes: epidermis (J), full-thickness skin (&),
and dermis (D). Mean7 SD, n¼ 3.
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Figure 2. Solute partitioning into SC.Membrane stratum corneum:ve-
hicle partition coe⁄cients (Km) for ethanol, butanol, hexanol, octanol, and
decanol determined in epidermal (J) and full-thickness (&) membranes.
Mean7 SD, n¼ 3.
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log SC content (per mg)¼ ^5.8þ1.05 logP r2¼ 0.99
log LE content (per mg)¼ ^6.0þ 0.95 logP r2¼ 0.96
log D content (per mg)¼ ^4.5þ 0.34 logP r2¼ 0.72
where LE represents lower epidermis (that remaining after tape
stripping) and D represents the dermis.
For dermal membranes the relationship between log p and
dermal tissue concentration was also observed in the dermal
membrane preparation:
log D content (per mg)¼ ^3.7þ0.17 logP r2¼ 0.94
The actual tissue:bu¡er partition coe⁄cients calculated using
isolated pieces of SC, viable epidermis, or dermis are shown in
Table II. It can be seen that for each of the tissues there was an
increase in tissue partitioning with increasing alcohol carbon
chain length.
DISCUSSION
The absorption parameters obtained for the aliphatic alcohols can
be used to identify the di¡erent tissue permeability resistances ex-
perienced by penetrating solutes. An identical approach was used
by Flynn et al (1981) to characterize hairless mouse skin.We have
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Figure 3. Tissue distribution. (SC, closed columns; epidermis remaining
after stripping, open columns; dermis, hatched columns) of ethanol, butanol,
hexanol, octanol, and decanol within each membrane preparation after
5 h of topical application. Mean7 SD, n¼ 3.
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Figure 4. Tissue partitioning. Estimated tissue:tissue partition coe⁄-
cients of ethanol, butanol, hexanol, octanol, and decanol for SC:viable epi-
dermis (A), using epidermal membranes (J) and epidermal membranes
from full-thickness skin (&), and viable epidermis:dermis (B) from full-
thickness skin preparations.
Table II. Relative distribution of alcohols between bu¡er and
skin tissue
Tissue:bu¡er distribution coe⁄cient
SC VE Dermis
EtOH 0.5 0.5 0.4
ButOH 0.8 ^ 0.4
HexOH 2.3 ^ 0.8
OctOH 16.0 14.7 3.3
DecOH 2392.7 ^ 10.5
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extended that work to human skin with the additional determi-
nation of tissue solute reservoirs to allow interpretation of solute
partitioning behavior between the SC, viable epidermis, and der-
mis during the permeation process.
The data shown in Table I and Fig 1(B) clearly demonstrate
that the unstirred aqueous environment of the dermis o¡ers little
resistance to the penetration of the smaller polar alcohols ethanol
and butanol relative to that encountered in the epidermis. The es-
timated di¡usivity data shown in Fig 1(C) suggest that these
small alcohols are moving at the same rate in each of the tissue
membranes.Therefore, a di¡erence in partitioning or distribution
behavior into the membrane must be responsible for the lower kp
values observed in the epidermis. This deduction is consistent
with the lower SC concentration of the smaller alcohols
measured in Figs 2, 3(A). The reduction in dermal membrane
kp observed with more lipophilic alcohols, however, re£ects the
opposite case.
The vehicle:tissue distribution data in Fig 3(B, C) clearly show
that the ability of these solutes to partition into the dermal ma-
trix is not constant as reported by Scheuplein and Blank (1973)
but increases with lipophilicity. This is consistent with our work
on other solutes, which showed that dermal partitioning depends
on both lipophilicity and protein binding (Singh and Roberts,
1997). Accordingly, estimates of di¡usivity based on permeability
divided by concentration, i.e., partitioning, also decrease with li-
pophilicity (Fig 1C). For a homologous series of alcohols, in-
creasing lipophilicity corresponds to increased molecular weight
and it is probably the size of the more lipophilic alcohols that
limits their movement through the dermal tissue environment.
The lower kp values of the polar alcohols in the epidermal and
full-thickness skin membranes (Fig 1B) are consistent with their
reduced ability to distribute/partition into the SC. The slight re-
duction in kp for decanol may also be a result of the failure to
reach true steady state during the 5 h absorption period.
Published kp values for alcohol absorption into hairless mouse
skin, where a true steady-state situation would require the rate of
entry of solute into the membrane to equal that coming out of it,
were considered to represent a pseudo-steady-state situation as
membrane retention potentially reduced observed values (Flynn
et al, 1981). The data were still justi¢ed as meaningful, however,
as membrane retention would be encountered in the in vivo situa-
tion following topical application. The kp values of this study
may be similarly a¡ected by membrane retention characteristics
and are interpreted with the same assumption in mind.
Comparison of the kp values obtained in this study to those
obtained by Flynn et al (1981) showed that hairless mouse skin
was approximately 2- to 3-fold more permeable than the human
equivalent. Dermal permeability was 10- to 30-fold higher in
hairless mouse skin, however, the di¡erence increasing with so-
lute lipophilicity. This observation further highlights the need
for caution in the extrapolation of permeation data from mam-
malian skin models to the human situation where relative perme-
ability relationships may not be as linear as once assumed.
The overall reduction in di¡usivity with increasing chain
length is indicative of either increased steric hindrance due to in-
creased molecular size or some kind of interaction, or binding,
with dermal tissue. This observation has direct relevance to the
consideration of possible underestimations in permeability data
generated using dermatomed skin preparations. It has previously
been suggested that di¡usional resistance in the dermal matrix
could signi¢cantly reduce the measured permeability of lipophi-
lic solutes (Koch et al, 1988), now also shown in our study to be
the case. In vivo, however, where the dermal blood clearance ac-
counts for almost all the clearance of various solutes from the
dermis (Singh and Roberts, 1997) the di¡usional resistance of-
fered by the dermis is unlikely to have any e¡ect on the dermal
permeability of lipophilic solutes.
Scheuplein and Blank (1973) reported that mobility of the al-
cohol molecules was approximately 4 orders of magnitude great-
er in the dermis than the SC, but that for the very lipid soluble
alcohols the di¡usional resistance of the two tissues was similar.
Our data show that the estimated relative di¡usivity in the epi-
dermis and dermis, based on actual measured alcohol £ux and
membrane concentration (Fig 1C), does not re£ect their observa-
tions. The estimated di¡usivity data in this study are normalized
for di¡erence in membrane type by dividing the £ux determined
during the experiment (not calculated Jmax) to the average con-
tent of each milligram of the entire membrane. The study by
Scheuplein and Blank (1973) did not determine the actual amount
of each alcohol retained in the membranes and suggested that a
constant vehicle:membrane partition coe⁄cient of 0.6 existed
across the alcohol series C1^C8 between the bu¡er and the der-
mis. Our permeation data using both full-thickness skin and der-
mal membranes (Figs 3A, 4B) suggest that partitioning and
concentration in the dermis actually increase with alcohol lipo-
philicity. Our independent study of alcohol:tissue partitioning
behavior over both the 5 h and 5 d exposure periods also clearly
indicates that dermal partitioning increases with lipophilicity
(Table II).
A second method of estimating the relative resistance of tissues
to permeation is by comparison of the reciprocals of kp, where
1/kp is assumed to equal the sum of resistances of the tissue layers
(Rtotal) (Scheuplein and Blank, 1971), e.g.,
1/kpðfull thickness skinÞ ¼ Rtotal ¼ RSC þ RVE þ Rdermis
where RSC=resistance of SC, RVE=resistance of viable epidermis
and Rdermis=resistance of dermis.
Taking the reciprocal of kp for the full-thickness skin mem-
brane and subtracting that for the dermal membrane should
therefore yield an estimation of Repidermis; similarly an estimation
of Rdermis can be calculated from the di¡erence in the reciprocal
kp values for the full-thickness and epidermal membranes.
Table III shows the reciprocal kp values for these membranes
and the resultant estimations of Repidermis and Rdermis for each of
the alcohols studied. For the more polar alcohols, the estimations
of both Repidermis and Rdermis appeared to be of similar magnitude
to the 1/kp values obtained experimentally for each membrane
type. The more lipophilic alcohols showed a large variation be-
tween the experimental and predicted values. The low experi-
mental kp value measured for decanol through the full-thickness
skin membrane caused a huge overestimation of the resistance of
the epidermal and dermal tissue. It is possible that the experimen-
tal kp value for decanol could have been much lower than ex-
pected due to the additional step of partitioning across the
epidermal:dermal junction in full-thickness skin or that a pseu-
do-steady-state kp was measured due to the much longer lag time
Table III. Estimation of the resistance of the dermal layer to alcohol permeation from the di¡erences in the reciprocal of kp
1/kp (h per cm) Predicted tissue resistance (h per cm)
FT Epi Dermis Repidermis (1/kp FT^1/kp dermis) Rdermis (1/kp FT^1/kp epidermis)
EtOH 625 526 45 580 99
ButOH 182 127 43 139 55
HexOH 167 31 120 47 136
OctOH 122 11 161 ^39 111
DecOH 714 14 189 525 700
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required for the solute to cross the three layers of the full-thick-
ness membrane.
Consideration of the 1/kp data (Table III), allowing for an ap-
proximately 10-fold di¡erence in thickness of the epidermal (200
mm) to dermal (2000 mm) membranes, shows relatively similar
resistances for the more lipophilic alcohols in the two mem-
branes. For the smaller, more polar alcohols, however, the relative
resistance per unit thickness of membrane was much higher in
the epidermis than the dermis. Comparisons of tissue solute mo-
bility data using 1/kp are independent of the total amount of so-
lute measured as retained in the membrane. The 1/kp data and the
estimations of di¡usivity made using the £ux/concentration
method did not directly correlate. The lack of any di¡erence in
epidermal and dermal estimated di¡usivity measured using the
£ux/concentration method is obviously £awed as it assumes that
all of the solute retained in the tissue is freely available for di¡u-
sion. Flynn et al (1981) also determined whole membrane partition
coe⁄cients following exposure of hairless mouse skin membranes
to alcohol solutions; they recognized that membrane retention
characteristics would in£uence the observed permeability para-
meters, particularly for the more lipophilic solutes.
The contribution of partitioning into the intercellular lipids of
the SC on Jmax and kp values is further substantiated by the rela-
tionship observed between Km (SC strips:vehicle) and alcohol
logP (Fig 2). This linearity re£ects the expected dependence of
partitioning into the SC on solubility in the intercellular lipid
bilayer domain for these solutes, which is greatly reduced and rate
limiting for the more polar alcohols. The slight di¡erence in the
slopes observed for the epidermal (0.85) and full-thickness (1.11)
membranes is in accordance with the increased permeability lim-
itation o¡ered by the dermis to the more lipophilic solutes,
which may cause a build-up of solute in the upper layers as clear-
ance is signi¢cantly reduced. In addition, the pooling of decanol
in the lower epidermis of the full-thickness membrane relative to
that in the epidermal membrane is indicative of the facilitated
partitioning and clearance of this alcohol into the protein-con-
taining receptor phase rather than the unstirred dermal matrix
present in the full-thickness skin membrane.
The use of log p as a simple predictive tool to predict empiri-
cally the concentration of alcohol in the various membrane layers
appears to correlate well with the experimental values. In addi-
tion, the slowly increasing capacity for alcohol concentration in
the dermis, compared to the more rapid increase in the lower epi-
dermis, with increasing solute lipophilicity intersect at a log p
value of approximately 2.5. This value appears to re£ect the point
above which a solute will favor partitioning into the epidermis
and below which it will favor the dermis.
Scheuplein (1967) suggested that the lower (viable) epidermis
resembles an aqueous protein gel and that its relative hydrophili-
city compared to the SC functions as a barrier to the transfer of
lipophilic drugs. In contrast, our partitioning studies (Table II)
suggest that the lower epidermis (epidermis stripped 25with
tape) has similar a⁄nity for lipophilic alcohols to the SC with
values of 14.73 and 15.96 observed for the viable epidermis and
SC, respectively. These data assume that alcohol partitioning into
the tissue is not binding in some way to the tissue structure re-
sulting in an overestimation of the true partition coe⁄cient. The
resultant values do give a re£ection of the relative capacity of the
tissue to absorb the solutes studied, however. Scheuplein (1967)
also commented that the transport rate from the viable epidermis
into the receptor decreased with an increase in lipophilicity,
whereas the rate from the donor into the viable epidermis in-
creased, probably as it was more lipophilic than the aqueous do-
nor solution. His work also suggested that the partition and/or
transfer of solutes from the SC to the viable epidermis was re-
sponsible for the residence time of drugs in the skin. Our work
now further adds the possibility that lipophilic solutes are parti-
tioning better than would be ¢rst imagined into the lower, and
traditionally aqueous, regions of the skin. In addition solutes may
further experience binding to tissue structures, which results in
larger amounts being retained than would have been expected
from previous studies.
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